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We are developing a UCN source for n 
EDM, because it has high UCN density. 
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NNbar workshop 2002
For the measurement of 

oscillation time of 3×109 s
 we need 1.2×107 UCN/s

Possibility of He-II
for high production rate
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Our UCN production



UCN production
in He-II

Coherent inelastic neutron 
scattering in He-II

Born approximation
d2σ/dQdω

= kf/ki a2 S(Q,ω)
a: coherent scattering length

Golub and Pendlebury
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UCN production rate
P = ∫  σcoh(E*→E) dE NHe Φn(E*)

0

Ec

Φn(E*) : n flux at E* ∝ proton beam power
beam power limited by γ heating
UCN loss depends on temperature

Ec: maximum UCN energy (limited by Fermi potential)

∫  σcoh(E*→E) dE ∝ Ec3/2 0

Ec

 P ~ 2x10-9 Φn/cm3/s x V(He-II)cm3 (Golub)
Cold n flux Φn = 1.7x1013 n/cm2/s for 200kW p (Monte Carlo)

→ 3.3 x 108 UCN/s



UCN loss rate
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γ heating in H-II

Cooling power ∝ latent heat of vaporization
·PHe (vapor pressure)·dV/dt (pumping power)

n (mol) = PV/RT

latent heat, P4He latent heat, P3He

0.8 K 34.5 J/mol, 3 Torr

1.6 K 90 J/mol, 6 Torr

2 K 90 J/mol, 25 Torr

 1.2×104 m3/h 4He pumping at 1.6 K
helium liquefier has few 100 W

100 W at a 200 kW of p beam power (horizontal)
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Our UCN source 2007
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Data UCN counter Pulse Height Spectrum
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UCN density by 390W p beam

assuming statistical distribution
1.2×106 UCN / 36 liter

Ec = 90 neV

UCN flow rate = 1/4·ρvavS

UCN
detector

UCN
valve vav = 3.1 m/s at Ec = 90 neV

Sd = 0.52π cm2, ε = 0.68
count rate = 1/4·ρvavSd·ε = 409 counts/s

 ρ = 10 UCN/cm3 



New cryostat
Horizontal He-II :    Φn x2
Ec 90→250 neV :    Ec3/2 x4.6
UCN transport will be better
EpxIp 390W→200kW: Φn x512
D2O→D2 : Φn x8

O



UCN production rate in He-II
for NNbar 

1.2x106 UCN/30 s (present exp)
x 512    x 2     x 8      x 1.3 

(200kW) (horizontal) (D2) (Ec 250neV)
= 4.2 x 108 UCN/s >> 1.2×107 UCN/s for τNNbar 3×109 s ?

 Production rate predicted
3.3 x 108 UCN/s

2x10-9 Φn /cm3/s x V cm3 (V: He-II volume) by Golub 
Φn = 1.7x1013 (n/cm2/s) for V = 104 (cm3) by Monte Carlo



Thanks


